S eptic shock is characterized by arterial hypotension despite adequate fluid resuscitation. The guidelines of the Surviving Sepsis Campaign 1 recommended initial resuscitation with vasopressors to reverse hypotension, with a mean arterial pressure target of at least 65 mm Hg (grade 1C, indicating a strong recommendation with a low level of evidence). This recommendation is based on the findings of small studies, which showed no significant differences in lactate levels or regional blood flow when the mean arterial pressure was elevated to more than 65 mm Hg in patients with septic shock. 2, 3 However, as emphasized by the Surviving Sepsis Campaign guidelines, for patients with atherosclerosis or previous hypertension, a higher blood-pressure target may be better. Accordingly, values for mean arterial pressure exceeding 65 mm Hg are frequently observed, as confirmed by data from large, prospective, randomized, controlled trials that focused on resuscitation of patients with septic shock, which showed that patients had mean arterial pressures in the range of 75 to 95 mm Hg 24 hours after inclusion. [4] [5] [6] [7] [8] Moreover, a large, retrospective study showed that a mean arterial pressure of more than 75 mm Hg may be required to maintain kidney function. 9 The notion that a higher blood pressure can be useful was confirmed in a small, prospective, observational study. 10 Finally, a study of physiological mechanisms of chronic arterial hypertension showed that such hypertension causes a rightward shift in cerebral pressure-flow autoregulation, which might justify targeting a higher mean arterial pressure. 11 Since the selection of effective blood-pressure targets is still controversial, we conducted a multicenter, randomized, stratified, open-label trial involving patients with septic shock to determine whether targeting a mean arterial pressure of 80 to 85 mm Hg would decrease 28-day mortality, as compared with targeting a mean arterial pressure of 65 to 70 mm Hg. We also postulated that the beneficial effects of a higher target would be more pronounced among patients with chronic hypertension. Therefore, at randomization, patients were stratified according to whether they had a history of chronic hypertension.
Me thods

Study Design
From March 2010 through December 2011, we enrolled patients at 29 centers in France. The study was approved for all centers by the ethics committee at the Angers University Hospital. Written informed consent was obtained from all patients, their next of kin, or another surrogate decision maker, as appropriate. If patients were unable to provide informed consent and neither their next of kin nor other designated person was available, a procedure for inclusion in the study in emergency situations was applied. A definitive post hoc consent form was ultimately obtained from patients who survived but had been initially treated on the basis of the emergency consent.
Randomization was performed with the use of a computer-generated assignment sequence in a centralized, blinded fashion and was stratified according to whether patients had chronic hypertension (i.e., had been receiving antihypertensive treatment or had a history of arterial hypertension). Given the pragmatic character of the trial, it was impossible to obtain details on the patients' adherence to the antihypertensive drug regimen or the adequacy of the antihypertensive treatment during the inclusion time window. Patients, research staff members, and members of the safety and writing committees were unaware of the study-group assignments.
Study Oversight
The data and safety monitoring committee oversaw the trial conduct and the safety of the patients, with interim analyses performed after the inclusion of 200, 400, and 600 patients. Data were collected by the investigators and analyzed by the data-management committee. The steering committee vouches for the accuracy of the data, the completeness of the analysis, and the fidelity of the study to the protocol, which is available with the full text of this article at NEJM.org. Members of the steering committee made the decision to submit the manuscript for publication. The writing committee (the first author and the last three authors) had full access to all the data and collaborated with all the investigators in the writing of the manuscript. All the drugs used in the study were purchased from the manufacturers, which had no role in the study.
Study Patients
Patients older than 18 years of age were enrolled if they had septic shock that was refractory to fluid resuscitation, if they required vasopressors (norepinephrine or epinephrine) at a minimum infusion rate of 0.1 μg per kilogram per minute, and if they were evaluated within 6 hours after the initiation of vasopressors. Refractoriness to fluid resuscitation was defined as a lack of response to the administration of 30 ml of normal saline per kilogram of body weight or of colloids or was determined according to a clinician's assessment of inadequate hemodynamic results on the basis of values obtained during right-heart catheterization, pulse-pressure measurement, stroke-volume measurement, or echocardiography (although study investigators did not record the values for these variables). Septic shock was defined by the presence of two or more diagnostic criteria of the systemic inflammatory response syndrome, proven or suspected infection, and sudden dysfunction of at least one organ. 12 Exclusion criteria were legal protection (i.e., incompetence to provide consent and no guardian or incarceration), no affiliation with the French health care system, pregnancy, recent participation in another biomedical study or another interventional study with mortality as the primary end point, or an investigator's decision not to resuscitate.
Study Treatments
Fluid resuscitation was performed as recommended by the French intensive care societies, 13 with norepinephrine administered as a first-line vasopressor, except at one center, in which epinephrine was used. The use of activated protein C and hydrocortisone was left to the discretion of the attending physician, and the following treatments were prohibited: the use of diuretics, except for compelling indications, such as hypoxemia attributed to symptomatic sodium and water overload or life-threatening hyperkalemia; the use of nonsteroidal antiinflammatory drugs; the use of iodinated contrast agents unless necessary for imaging; and the use of nephrotoxic antibiotics unless judged necessary by the attending physician. Any use of the above-mentioned drugs after study entrance was recorded.
Renal-replacement therapy was initiated if at least one of the following criteria was present: anuria, hyperkalemia with electrocardiographic changes, pure metabolic acidosis with a pH of less than 7.2, or a blood urea nitrogen level of more than 84 mg per deciliter (30 mmol per liter) or a creatinine level of more than 5.65 mg per deciliter (499 μmol per liter). Administration of sedative and analgesic drugs or muscle relaxants was left to the discretion of the clinician; doses were reassessed at least daily to achieve values ranging from −3 to 0 on the Richmond AgitationSedation Scale (which ranges from −5 to 4, with lower scores indicating deeper sedation, 0 indicating a calm and responsive patient, and higher scores indicating increasing agitation); all doses of sedative and analgesic drugs were recorded daily.
After enrollment, patients were assigned to vasopressor treatment that was adjusted to maintain a mean arterial pressure of 80 to 85 mm Hg (high-target group) or 65 to 70 mm Hg (low-target group). The target mean arterial pressure was to be maintained for a maximum of 5 days or until the patient was weaned from vasopressor support; after that, the target pressure was determined by the attending physician. For patients in whom the assigned target pressure was not reached despite the administration of increasing doses of vasopressors, group assignments were not modified, and data analysis was conducted on an intention-to-treat basis. (The vasopressor-weaning strategy is described in the Supplementary Appendix, available at NEJM.org.)
In the high-target group, a reduction in vasopressor doses to maintain a mean arterial pressure of 65 to 70 mm Hg was recommended if any of the prespecified serious adverse events that were potentially related to an increased rate of vasopressor infusion occurred. These events were as follows: clinically relevant bleeding (i.e., transfusion requirements of at least 2 units of packed red cells), myocardial infarction (defined as typical electrocardiographic changes, with a concomitant increase in troponin, and segmental echocardiographic hypokinesia or akinesia, with the infarction confirmed, when possible, by means of coronary angiography), major ventricular arrhythmia, poorly tolerated supraventricular arrhythmia, mesenteric ischemia, and distal-limb ischemia. Data analysis for serious adverse events was performed for all patients on an intention-to-treat basis.
Study Outcomes
The primary outcome was death from any cause by 28 days after inclusion. Secondary outcomes were 90-day mortality, days alive and free from organ dysfunction by day 28, and the length of stay in the intensive care unit (ICU) and hospital. Survival by day 28 without organ support was defined as the number of days without catecholamine infusion, mechanical ventilation, or renalreplacement therapy. 14 Serious adverse events were recorded and classified as cardiac, ischemic, or other.
Statistical Analysis
We determined that the enrollment of 800 patients would provide a power of 80% to show an absolute between-group difference of 10 percentage points in the primary outcome, at a two-sided alpha level of 0.05, assuming a rate of death of 45%. We decided not to compensate for dropouts caused by the withdrawal of consent. All analyses were performed by the study statistician before the randomization code was broken, in line with both the International Conference on Harmonization-Good Clinical Practice guidelines and our statistical analysis plan (which is available in the protocol).
The analyses were performed in the intention-to-treat population, which was defined as all patients who had undergone randomization except for those who did not provide consent for the use of their data. We used Cox regression models to calculate between-group differences in mortality at 28 days and 90 days. We analyzed Schoenfeld residuals to test the assumption of proportional hazards and used the KaplanMeier method to calculate survival curves. We expressed quantitative variables as means (±SD) and used t-tests to compare them when the sample size in each group was 30 or more (in accordance with the central limit theorem) and the Wilcoxon rank-sum test when the sample size in one group was less than 30. We used chi-square tests or Fisher's exact test to compare qualitative variables, as appropriate. All comparisons were also performed with the use of the entire sample with stratification (as prespecified) according to the presence or absence of chronic hypertension. Multiple logisticregression analyses were conducted in the intention-to-treat population to adjust for known risk factors for acute kidney injury, such as chronic renal failure or the use of diuretics, vancomycin, aminoglycosides, iodine-containing contrast material, or long-term use of nonsteroidal antiinflammatory drugs.
Interim analyses were performed for the primary outcome of 28-day mortality, according to the Haybittle-Peto method. Statistical significance was indicated by a P value of 0.001 in the three interim analyses and a two-sided P value of 0.0492 in the final analysis. To detect a possible interaction between group and stratum covariates, logistic-regression analyses were performed for dichotomous dependent variables, whereas analysis-of-variance models were used for continuous dependent variables. All analyses were performed with the use of Stata software, version 12.1.
R esult s
Study Population
We enrolled 776 patients and followed them for 90 days; we conducted the analyses according to the group to which the patients were randomly assigned (Fig. 1) . Baseline characteristics were similar in the two groups (Table 1, and Table S1 and Fig. S1 in the Supplementary Appendix). Overall, 167 of 388 patients (43.0%) in the hightarget group and 173 of 388 (44.6%) in the lowtarget group had a history of chronic hypertension. All the enrolled patients were critically ill, as defined by the Simplified Acute Physiology Score (SAPS) II and Sequential Organ Failure Assessment (SOFA) score, serum lactate levels, and norepinephrine infusion rates at study entry. During the 5 protocol-specified days, the mean arterial pressures in the low-target group were significantly lower than those in the high-target group, yet they exceeded the target values of 65 to 70 mm Hg (Fig. 2) . 
Vasopressor Use and Fluid Balance
The infusion rates of vasopressors were significantly higher, and the duration of vasopressor treatment significantly longer, in the high-target group than in the low-target group (Table 2, and  Table S2A group (P = 0.01) did not reach targets for mean arterial pressure because of the attending physician's decision to limit the vasopressor infusion rates. In 14 patients (3.6%) in the high-target group, vasopressor infusion rates were adjusted downward to maintain a mean arterial pressure of 65 to 70 mm Hg because of adverse effects. Values for total fluid administration and total urine output during the 5 days specified in the protocol were similar in the two study groups (Table S2B in (hazard ratio, 1.04; 95% CI, 0.83 to 1.30; P = 0.74) ( Table 2 and Fig. 3 ). In addition, there were no significant differences in the secondary outcomes: need for mechanical ventilation, length of stay in the ICU and hospital, and the SOFA score by day 7 ( Table  2, and Tables S2C and S2D in the Supplementary Appendix). However, in patients with chronic arterial hypertension, there was a significant interaction between study group and hypertension stratum with respect to the doubling of the blood creatinine level (P = 0.009) and with respect to the need for renal-replacement therapy (P = 0.04). Multivariate logistic-regression analysis indicated that none of the potentially nephrotoxic therapies influenced this result.
Adverse Events
There was no significant difference between the two study groups in the overall incidence of serious adverse events (P = 0.64) ( Table 2, and Table  S2E in the Supplementary Appendix). Although the total number of cardiac adverse events did not differ between the groups, the incidence of newly diagnosed atrial fibrillation was significantly higher in the high-target group, with events reported in 26 patients (6.7%) in the hightarget group and 11 patients (2.8%) in the lowtarget group (P = 0.02). The frequencies of ischemic events and bleeding complications were similar in the two study groups.
Discussion
In this multicenter, randomized, open-label trial, we compared the strategy of targeting a high mean arterial pressure (80 to 85 mm Hg) with the strategy of targeting a low pressure (65 to 70 mm Hg) in patients with septic shock. The high-target group received significantly higher doses of vasopressor catecholamines over a significantly longer time period, but we found no significant difference in 28-day mortality. There was no significant between-group difference in early fluid balance, and the fluid balance was lower than those reported previously, 7,8 possibly because our population of patients differed from those in previous studies or because of more restrictive protocols for fluid administration in France. In addition, there were no significant between-group differences in the overall rates of organ dysfunction or death at 90 days. However, in patients with a history of chronic arterial hypertension, targeting a mean arterial pressure of 80 to 85 mm Hg reduced both the incidence of a doubling of the blood creatinine level and the rate of renal-replacement therapy. There was no significant between-group difference in the overall rate of serious adverse events, but patients in the high-target group had significantly more episodes of atrial fibrillation. No differences in the primary and secondary outcomes were observed between the two groups. Our study was prospectively powered to detect an absolute difference of 10 percentage points in the rate of death on the basis of an expected rate of 45% in the low-target group, at an alpha level of 0.05 and a beta level of 0.20, with the use of a two-tailed test. The expected overall death rate in our study was consistent with the rates among patients with septic shock that were reported in previous multicenter trials (37%, 5 39%, 8 47%, 4 and 49% 6 ) at the time the trial was designed. The absolute reduction of 10 percentage points in mortality was chosen in our study because the trials that were available in the literature when the protocol was designed in 2008 had tested the hypothesis of absolute reductions of 20 percentage points, 5 15 percentage points, 4 and 10 percentage points 8 in rates of death. Two other trials that were published after we started recruiting patients tested the hypothesis of an absolute mortality reduction of 7 percentage points 7,15 and 10 percentage points. 16 Hence, the anticipated risk reduction in our study was close to the risk reductions tested in previous studies. However, our observed rate of death at 28 days was lower than the rate in some other studies, although it was in line with the rate in more recent trials, in which death rates ranging from 25 to 57% were reported. 7, 15 Nevertheless, the lower-than-expected rate of death led to an underpowered study. Therefore, we may not have detected differences in the incidence of some adverse events, especially rare events such as myocardial infarction.
Septic shock is a major risk factor for atrial fibrillation, 17 and in our study, atrial fibrillation was significantly more common in the hightarget group than in the low-target group. This adverse effect might be related to the significantly higher doses of catecholamine and the longer duration of catecholamine infusions in the high-target group. However, given the small number of episodes of atrial fibrillation, other confounding factors cannot be ruled out. The association between atrial fibrillation and septic shock should be considered only as a hypothesis-generating concept for future trials.
At randomization, patients were stratified according of the presence or absence of chronic hypertension. More than 40% of the patients reported having a history of chronic hypertension, which is in line with rates in previous studies. 18 Among patients with chronic hypertension, a rightward shift of the curve for organ pressure-flow autoregulation is expected, which means that an increased mean arterial pressure could hypothetically result in improved organ perfusion 11 and, eventually, in improved survival rates. No significant differences in adverse effects between patients with chronic hypertension and those without chronic hypertension were evident. The results in the subgroup with chronic hypertension may indicate that targeting a higher mean arterial pressure is acceptable because it was not associated with greater harms. The guidelines of the Surviving Sepsis Campaign recommend targeting a mean arterial pressure of at least 65 mm Hg. According to our study design, investigators were invited to follow these guidelines in the low-target group. How ever, the observed mean arterial pressures in the low-target group (target range, 65 to 70 mm Hg) were for the most part between 70 and 75 mm Hg. Similarly, the observed values in the high-target group were also higher (between 85 and 90 mm Hg) than the predefined target range of 80 to 85 mm Hg. Thus, the target between-group difference was well maintained. Whether higher achieved mean arterial pressures in the two groups influenced the results is impossible to ascertain. However, given the pragmatic nature of the trial, these data were not recorded as protocol violations. In addition, the higher mean arterial pressures in the two groups may reflect the reluctance of some attending physicians to decrease the vasopressor infusion rate when the mean arterial pressure is about 70 mm Hg, as recently reported by Pouk kanen et al. 19 In that study, patients spent more than 75% of the time at a mean arterial pressure of more than 70 mm Hg. Finally, the generalizability of our trial results may be limited because of the frequent use of glucocorticoids and activated protein C and because of the large number of patients who were excluded because of the narrow inclusion window.
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